Fetal blood collected immediately after delivery has been was the aim of this study to evaluate whether cryopreshown to contain hematopoietic progenitor cells at similar servation procedures might heavily impair the clonoor higher frequency than those in bone marrow (BM).
genic capacity, the feasibility of CD34
؉ selection and the Therefore, umbilical cord blood (UCB), which is normally ex vivo expansion potential of UCB progenitor cells.
discarded, has been evaluated as a source of UCB samples were collected and cryopreserved as stem/progenitor cells 2-4 that can easily be collected at delivunseparated (n ‫؍‬ 21) or mononuclear (MNC) cells (n ery without any danger or inconvenience to the donor.
5,6
‫؍‬ 15) within 12 h from delivery, and evaluated for Recently, UCB has been used as a source of hematopoietic viability, immunophenotype, cell and progenitor numstem cells for clinical transplantation, and is proving to be bers after a minimum stay in liquid nitrogen of 6 an acceptable alternative to BM. 7-9 Several studies have months (range 6-14 months). Viability was always demonstrated that UCB contains similar or higher pro-Ͼ97% and no statistically significant difference was portions of primitive hematopoietic progenitor cells as detected by flow cytometric analysis. Clonogenic recovcompared to adult BM 2,4 and therefore the lower number ery from unseparated cells was 80-87% for HPP-CFC, of nucleated cells, present in a single collection, might be CFU-GEMM, BFU-E and CFU-GM, and from MNC compensated by a significantly higher proportion of cells ranged from 82 to 91% for LTC-IC, CFU-GEMM, primitive cells. More recently, highly purified BFU-E and CFU-GM. CD34
؉ selection (n ‫؍‬ 8) was per-CD34 + CD45RA low CD71 low UCB cells have been demonformed on fresh and cryopreserved MNC cells using the strated to possess a much higher ex vivo proliferative potenMiniMACS immunomagnetic separation device, showtial in comparison to adult BM cells; 10 moreover, ing no difference in yield (68 ؎ 7% vs 57 ؎ 4%, P р CD34 + CD38 low stem cells purified from BM have been 0.4) or in purity (89 ؎ 2% vs 81 ؎ 6%, р 0.4), for fresh reported to possess shorter telomeres than cells from UCB in comparison to cryopreserved MNC cells. After 14 and fetal liver, possibly signalling a difference in replicative days of liquid culture in the presence of different combicapacity. 11 This characteristic of higher proliferative nations of SCF, IL-3, IL-6 and G-CSF no statistically capacity has made UCB-derived progenitor cells ideal cansignificant difference was detected in CFC fold-expandidates for experimental programs involving gene transfer sion for fresh or cryopreserved MNC cells and for and ex vivo stem cell expansion. Since several programs CD34 ؉ cells, either selected and cultured from fresh or throughout Europe and the USA are currently evaluating cryopreserved MNC cells. In conclusion we can state the feasibility of large-scale UCB banking for unrelated that UCB is a potential source of primitive progenitor transplants 5,12,13 cytokine-mediated ex vivo expansion of cells that can be cryopreserved unmanipulated or after UCB hematopoietic progenitor cells might increase the physical separation without major losses in clonogenic number of progenitor cells to be transplanted and facilitate capacity and immunophenotypic composition. Moreengraftment in adult patients. Therefore, it was the aim of our study to investigate whether cryopreservation can affect the clonogenic capacity, the immunophenotype, the feasi- Germany), followed by separation over Ficoll-Hypaque m 2-mercaptoethanol, and 1.1% (w/v) methylcellulose and gradient (d = 1.077 g/ml; Sigma Chemical, St Louis, MO, stimulated with IL-3 (10 ng/ml, Amgen, Thousand Oaks, USA), as detailed elsewhere.
14 CD34 + cells were obtained CA, USA), G-CSF (10 ng/ml, Amgen), GM-CSF (10 from two separate aliquots of each UCB sample (n = 8), ng/ml; Behringwerke, Marburg, Germany), erythropoietin one using fresh MNC cells and the other cryopreserved (Epo 1 U/ml; Amgen), and SCF (50 ng/ml; Amgen). Pro-MNC cells. Purification was performed using the MiniMgenitor cell growth was evaluated after incubation (37°C, ACS immunomagnetic separation device (MACS, Miltenyi 5% CO 2 ) for 14-21 days in a humidified atmosphere. Four Biotec, Germany), as described elsewhere. duce human IL-3 and human G-CSF. 18 Test cells were Bags and cryotubes were placed for 24-48 h inside a resuspended in complete medium consisting of alpha-−80°C freezer and then transferred into a liquid nitrogen medium (Gibco Laboratories, Grand Island, NY, USA) supcontainer for at least 6 months before evaluation. Bags of plemented with fetal bovine serum (12.5%), horse serum unseparated UCB samples were rapidly thawed in a water (12.5%), l-glutamine (2 mm), 2-mercaptoethanol (10 −4 m), bath at 37°C and then washed twice with IMDM supinositol (0.2 mm), folic acid (20 m) and freshly dissolved plemented with 10% human albumin to remove the cryohydrocortisone (10 −6 m). At 7 day intervals, cultures were protectant agent. Thawing of MNC cells was followed by demidepopulated by removal of half the culture volume folslow stepwise dilution over 10 min with 10 times the vollowed by replacement with fresh medium. After 5 weeks ume of IMDM supplemented with 10% human albumin.
in culture, non-adherent cells and adherent cells harvested Cells were then evaluated for trypan blue viability, by trypsinization were pooled, washed and assayed together immunophenotype, clonogenic capacity, feasibility of for clonogenic cells in standard methylcellulose cultures. CD34-positive selection and ex vivo expansion potential.
The total number of clonogenic cells present in 5-week-old LTC provides a relative measure of the number of LTC-IC originally present in the test suspension. 19 Absolute Immunofluorescence analysis LTC-IC values were calculated by dividing the total number of clonogenic cells by four, which is the average output Before cryopreservation and after thawing, unseparated and MNC cells were counted, their concentration adjusted to of clonogenic cells per LTC-IC, according to limiting dilution analysis studies reported by others. 19 0.5 × 10 6 /ml and their surface antigen phenotype determined by immunofluorescence analysis. Single staining was performed using fluorescein (FITC)-conjugated anti-CD3, Liquid suspension culture anti-CD19 and phycoerythrin (PE)-conjugated anti-CD34 (HPCA-2) and anti-CD33, while double staining was per-MNC (1 × 10 6 ) and CD34 + (1 × 10 5 ) cells were incubated in liquid culture for up to 14 days in RPMI-1640 (Gibco) formed using PE-conjugated anti-CD34 associated with either FITC-conjugated anti-CD38, anti-HLA-DR or antisupplemented with 10% FCS, in the presence of different combinations of the following cytokines: SCF (50 ng/ml), CD45RA (Becton Dickinson, Mountain View, CA, USA). Each fluorescence analysis included an isotypic double IL-6 (10 ng/ml), IL-3 (10 ng/ml) and G-CSF (10 ng/ml).
After 7 and 14 days in suspension, cells were plated in of culture assays are detailed in Table 2 . Cells in methylcellulose were maximally stimulated with a combination of methylcellulose in the presence of G-CSF, GM-CSF, IL-3, Epo and SCF, as indicated above.
IL-3, G-CSF, GM-CSF, Epo and SCF at optimal concentration. Unseparated samples (n = 21), after thawing, showed no statistically significant difference in clonogenic Statistical analysis capacity in comparison to pre-cryopreservation, the recovery ranging from 80 to 87% for CFU-GM, BFU-E, CFUStatistical analysis was performed with the statistical pack-GEMM and HPP-CFC. Comparable results were obtained age Statview (BrainPower, Calabasas, CA, USA) run on a with MNC cells. Low density separation by poligeline and Macintosh LC II (Apple Computer) personal computer. The
Ficoll-Hypaque (n = 15) was associated, after thawing, Student's t-test for paired data was used to test for signifiwith an 82-91% recovery of CFU-GM, BFU-E and CFUcance of changes in the comparison of data involving GEMM. Recovery of more immature progenitor cells was counts.
to 86% (n = 7), as tested in long-term culture.
CD34 selection procedure Results
Purification of CD34 + cells was performed on both fresh and cryopreserved MNC cells, to control for variation Recovery of UCB cells after cryopreservation related to cryopreservation. As detailed in Table 3 , neither UCB samples were cryopreserved either as unseparated (n yield nor purity of CD34 + cells were statistically different = 21) or MNC (n = 15) cells within 12 h from delivery when separation was performed both on fresh and on and evaluated after a minimum stay in liquid nitrogen of 6 cryopreserved MNC cells. months (range 6-14 months). In all cases viability of fresh and cryopreserved cells was Ͼ97%. + cells (n = 7) was established in six-well round-botcells) for MNC cells. Unseparated and MNC specimens tomed plates in the presence of different combinations of were then analyzed by flow cytometry before and after cry-SCF, IL-3, IL-6 and G-CSF. In Figure 1 are diagrammed opreservation to determine if any particular cell population the effects as fold expansion in the number of CFC, for was affected during freezing and thawing procedures.
MNC and CD34 + cells, respectively. After 14 days of liquid These results are reported in detail in Table 1 . There were culture no statistically significant difference was detected no detectable differences in CD3 + , CD19 + , CD33 + and in CFC fold-expansion between fresh and cryopreserved CD34 + populations resulting from the freezing and thawing MNC cells; similar results were also obtained for CD34 + procedures. Moreover, in the MNC fraction, freezing and cells, either selected and cultured from fresh or thawing had no effect on CD34 + subpopulations. cryopreserved MNC cells.
Progenitor colony-forming assays Discussion The clonogenic capacity of unseparated and MNC cells, before cryopreservation and after thawing, was evaluated UCB collected immediately after delivery has been shown to contain hematopoietic progenitor cells at similar or by means of short-and long-term culture assays. Results Table 1 Immunophenotypic analysis (mean ± s.d.) of unseparated (n = 21) and mononuclear cells (n = 15) before and after cryopreservation Results are expressed as total numbers. Different samples were tested for unseparated and mononuclear preparations. Results are expressed as total numbers. Cultures in methylcellulose were stimulated with IL-3 (10 ng/ml), G-CSF (10 ng/ml), GM-CSF (10 ng/ml), Epo (1 U/ml) and SCF (50 ng/ml). a LTC assay was performed on seven different samples. of progenitors to be reinfused in order potentially to guarantee engraftment in adult patients; moreover, recent data Fresh 89 ± 2 6 8 ± 7
indicate a greater ability to expand CD34 + cells and CFUCryopreserved 81 ± 6 5 7 ± 4 GM content from UCB than from BM.
4,19
Nowadays, several large-scale UCB banks exist in Europe and the USA, 12,13 therefore, studies aimed at evaluating the effects of cryopreservation on the clonogenic potential, the immunophenotype and the feasibility of selection prohigher frequency than those in BM. [1] [2] [3] [4] Therefore, UCB has cedures must be pursued. It has been reported that cryobeen used as a source of hematopoietic progenitor cells for preservation of UCB samples as whole and more recently clinical transplantation, and is proving to be an acceptable separated blood has minimal effects on cell recovery and potential alternative to BM. 7-9,13 However, major concerns viability. 1, 12, 14 We have reported a recovery ranging from have been related to the low total number of progenitor 80 to 87% for HPP-CFC, CFU-GEMM, BFU-E and CFUcells obtained by a single collection; concerns are even GM, in the case of unseparated cells, and ranging from 82 higher when the recipient could be an adult patient. Thereto 91% for LTC-IC, CFU-GEMM, BFU-E and CFU-GM, fore, there is considerable interest in attempting to underin the case of MNC cells. In addition, we have also detected stand better the biological characteristics of UCB progenino detrimental effects of cryopreservation on the compotor cells and to evaluate the possibility of their ex vivo sition of cellular suspension as determined by immunoexpansion.
2,10,20 Since we lack a specific assay for testing phenotypic analysis. Moreover, our results confirm that human long-term repopulating cells, indications for early cryopreserved samples could undergo CD34 + selection and progenitor cell content have been derived from expression expansion procedures 19, 27 without worrying impairments in of certain cell surface antigens (CD34, CD38, HLA-DR, cell numbers and functions. [28] [29] [30] It has been reported that CD71, CD45RA, Thy-1) [21] [22] [23] [24] and from CFC and LTC-IC progenitor cell expansion may be greater when starting with numbers. 25, 26 Previous studies have shown that a single purified CD34 + cells rather than MNC cells preparations. detrimental effects on their engrafting potential. 20 Never-
